A new study provides the first broad timeline of bee diversification. Several ancient bee clades are identified as ghost lineages that have left little fossil evidence of their existence. This timeline suggests that the rise of bees coincided with the largest flowering plant clade, the eudicots.
Flowering plants and their insect pollinators are often presented as one of the most remarkable examples of co-evolution on earth. Among many insect visitors, bees are one of the most important groups of flowering plant pollinators [1] . They include some 20,000 species that depend almost exclusively on resources produced by flowers such as pollen and nectar [1] ( Figure 1 ). Bees are also very important to humans -approximately one third of our diet from vegetables and fruits are the result of pollinator services provided by bees [1] . Despite their importance, however, the precise timing of their presumed co-diversification has remained elusive. The bee fossil record is relatively poor but indicates that they might have arisen in the mid-Cretaceous, roughly 140-110 million years ago (Mya), which is consistent with fossil origins of flowering plants [2] . However, the extent to which their diversification coincided with that of flowering plants remains unclear.
In the absence of a rich fossil record, dated molecular phylogenies provide an essential tool to reconstruct the tempo and mode of diversification of the history of life on earth. The era of molecular phylogenetics and the integration of newly identified fossils have helped untangle the origin of flowering plants and to identify the timing of diversification of its major clades [3] [4] [5] . The same cannot be said for our understanding of the bees because a comprehensive dated phylogeny of its major lineages has been lacking. A recent study by Cardinal and Danforth [6] helps to untangle patterns of bee diversification, and the extent to which their timing coincided with that of their floral host plants.
Cardinal and Danforth sampled seven genes broadly across all currently recognized bee families, subfamilies, and most tribes. They then dated their DNA phylogeny using 14 fossil age constraints selected from the w200 described bee fossils [7] . Their findings demonstrate that most major bee lineages (e.g., families) originated during the Cretaceous (132-113 Mya), which indicates that these lineages are much older than their fossil record [7] . One explanation for this discrepancy is the apparent preservational bias of bee fossils [7] . Most of these fossils represent lineages of resin-collecting bees from the northern hemisphere, which tend to be well preserved in amber. However, resin-collecting bees are phylogenetically concentrated in only two of the seven bee families (Apidae and Megachilidae), which makes determining the origins of most other bee clades difficult. These molecular divergence time estimates indicate that numerous bee clades exist as ghost lineages that lack fossil representation for much of their evolutionary history. One should be cautious about molecular divergence estimates that appear out of sync with the fossil record [8] ; however, some lines of evidence support their older age estimates. For instance, their dated bee phylogeny indicates an older origin for sweat bees (Halictidae; 75-96 Mya) than the oldest known fossils for this group (53 Mya) [7] . Evidence from fossilized nests previously attributed to sweat bees from the Late Cretaceous [9] , however, corroborate these older ages. On the other hand, the inferred Miocene (20 Mya) origin of the leaf-cutter bees (Megachilini) contradicts much older (Mid-Eocene; w45 Mya) fossilized leaf damage by these bees. Here, Cardinal and Danforth identify insufficient taxon sampling in their study as a likely reason for these overly young age estimates.
This new timeline of bee diversification is an important leap forward and an essential tool for comparative evolutionary biology. Their results are particularly exciting for one main reason: crown group bees originated w125 Mya, which roughly coincides with the origin of eudicot angiosperms. Eudicots are defined by distinctive tricolpate pollen (i.e., pollen with three pores), which is easily recognized in the fossil record. The eudicots comprise 70% (165,000 species) of flowering plants and include most of the broad-leaved trees and shrubs that populate our forests, plus ecologically and economically important clades like legumes, roses, and sunflowers. Surprisingly, it is not the origin of the flower (specifically, the carpel) that coincides with a substantial burst in angiosperm diversification, but it is rather the origin of eudicots at w125 Mya where a burst in diversification has occurred [4] . The direct cause of this diversification remains unclear, but one intriguing possibility is that eudicot diversification was attributable to their mutualistic interaction with bees [10, 11] . This raises the tantalizing possibility that the origin of pentamerous flowers in eudicots [3] and their specialization on bees may have spurred co-diversification in both groups.
But did crown group bees and eudicots co-diversify during this dramatic window of angiosperm evolution? And if bees did radiate during this time period, which came first, the bees or eudicot pollen? We do not know the answer to the first question because the authors did not specifically test for a burst in diversification when crown group bees originated 125 Mya. The second question to determine the precise timing of this co-diversification is much more difficult to answer. A recent attempt by Ramírez and colleagues [12] examined rates of co-diversification between Neotropical orchid bees (Euglossini) and perfume-producing orchids, which represents a remarkable and highly specialized plant-pollinator mutualism. In this system, male bees gather fragrances from orchids and use them to attract females for mating. Their analyses, incorporating dated phylogenies for both the bees and the plants, demonstrated that a shift in orchid diversification (30-15 Mya) likely occurred subsequent to a recent diversification (40-27 Mya) in orchid bees. Thus, the timing of this interaction appears to have been decoupled: fragrance collection by bees appears to have preceded the evolution of fragrance-producing orchids, suggesting that floral host shifts may have played a role in the origin of this plant-pollinator mutualism.
The orchid-bee-orchid-flower example [12] nicely illustrates that prolific diversification between bee-plant mutualisms may not be perfectly coincident, and importantly, that they are much younger than the origin of eudicots and crown group bees (Figure 2 ). These more recent bursts of speciation are likely true for other highly specialized mutualisms as well. Oil-gathering bees (Centridini) that collect floral oils to construct nests and provide food for their larvae are a nice example [13] . Floral oil production has evolved at least ten times within angiosperms [14] . In one of these clades, the Barbados cherry family (Malpighiaceae), which originated w75 Mya, there is evidence that their exceptional diversity (1,100 spp.) traces to their specialist association with these oil-gathering bees [15, 16] . A preliminary assessment points to other more recent radiations involving this specialized oil-bee-oil-plant mutualism (Figure 2) . Perhaps the most striking example are the oil-rewarding Calceolaria species that arose very recently (6 Mya), yet whose diversity exceeds 200 species [17] . The precise timing of co-diversification in this, and other such bee-plant mutualisms, however, remains untested. This is largely attributable to the lack of dated phylogenies for each of these mutualistic partners, which is necessary to begin linking speciation patterns with specialization in these systems. The new dated bee phylogeny by Cardinal and Danforth marks an important step in this direction, which hopefully will establish a new sort of mutualistic interaction -one between flowering plant and insect phylogenetic biologists seeking to resolve the prolific rise of flowering plants. 
